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492a Tuesday, February 28, 2012acylation reaction between melittin (H-GIGAVLKVLTTGLPALIS-
WIKRKRQQ-NH2) and lipids have been revealed by LC-MS and LC-MS/
MS approaches. The major sites of acylation on melittin are at the N-terminus
and the side chain of Lys-23. With phosphocholines, acylated melittin products
are detectable by LC-MS within 4 hours, with little selectivity for transfer from
the sn-1 vs the sn-2 position. In PS/PC mixtures, acyl transfer is only observed
from the PC component. In PG/PC mixtures, transfer is observed from both the
PG and PC components, albeit at a reduced rate when compared to PC-only
membranes. Small amounts of double-acylated melittin products are also
formed.
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Protection of the Membrane Permeability Barrier by Annexins
Carl E. Creutz.
University of Virginia, Charlottesville, VA, USA.
Biological membranes are exposed to a number of chemical and physical
stresses that alter the structure of the lipid bilayer in such a way that the perme-
ability barrier to hydrophilic molecules and ions is degraded. These stresses in-
clude amphiphilic molecules involved in metabolism and signaling, highly
charged polyamines, reactive oxygen species, and osmotic stress. As annexins
are known to bind to lipid headgroups in the presence of calcium and increase
the order of the bilayer lipids, this study addressed whether this activity of an-
nexins provides a potential benefit to the membrane of protecting the bilayer
against disruptions of this nature, or can promote restoration of the permeability
barrier after damage by such agents. The release of carboxyfluorescein from
large unilamellar vesicles composed of lipids characteristically present in the
inner leaflet of cell membranes (PS/PE/PC/PI/cholesterol) was used to measure
membrane permeability. It was determined that in the presence of calcium an-
nexin A6 reduced baseline leakage from the vesicles and reduced or reversed
damage due to lysophosphatidic acid, ceramide, arachidonic acid, spermidine,
osmotic shock, or lipid peroxidation by H2O2. The annexin was also found to
protect or restore the integrity of a natural biological membrane, the chromaffin
granule membrane, challenged by lysophosphatidylcholine or sphingosine. In
a cell, it is likely annexins would move to sites of breakdown of the permeabil-
ity barrier because of the calcium-dependent binding of annexins to membranes
at sites of calcium entry. Because of the fundamental importance to life of
maintaining the permeability barrier of the cell membrane, it is proposed
here that this property of annexins may represent a critical, primordial activity
that explains their great evolutionary conservation and abundant expression in
most cells.
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Immobilization of Lipid Bilayer Disks on QCM-D Sensors for the Study of
Peptide-Lipid Interactions
Victor Agmo Hernandez, Karin Reijmar, Katarina Edwards.
Department of Physical and Analytical Chemistry, Uppsala University,
Uppsala, Sweden.
Protocols for the immobilization of PEG-ylated nano-sized lipid bilayer disks
on QCM-D sensors have been developed. It is shown that the disks can be im-
mobilized on the surface of gold QCM-D sensors by several approaches, most
of which result in the formation of a monolayer of disks bound to the surface.
After inactivation of the remaining surface, the interaction of the immobilized
disks with different analytes can be studied. We show that the QCM-D ap-
proach allows determination of association isotherms for the interaction be-
tween the amphiphilic alpha helical peptides magainin II and melittin with
the lipid bilayer disks. The obtained results are compared with isotherms ob-
tained employing fluorimetric determinations, which are based on the intrinsic
fluorescence of tryptophan residues in the peptide sequence. The presented
QCM-D method has the advantage of being applicable even when the peptides
do not present any residue that could be detected by photophysical techniques.
The obtained results allow comparing the affinities of the employed peptides
with lipid disks of different compositons. Thus, the effect of the nature of
the peptide, the edge and surface charge of the disks, and the phase state of
the lipid membrane on the association isotherms can be characterized. We fore-
see than lipid disks in combination with the QCM-D technology can be used to
investigate the interaction between lipid membranes and a range of biologically
interesting molecules, such as membrane bounded proteins and membrane tar-
geted drugs.
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Disentanglement of Heterogeneous Solid-State NMR Parameter Measure-
ments in Model Membranes
John D. Gehman1, Marc-Antoine Sani1, Frances Separovic1, Anil K. Mehta2.
1University of Melbourne, Univ of Melbourne, Australia, 2Emory University,
Atlanta, GA, USA.Solid-state NMR is ideal for studying membranes and membrane-associated
proteins and peptides that are difficult or impossible to study by other means.
Disorder and heterogeneity that are typical of these types of samples, however,
makes analysis of the resulting challenging. Examples include (a) heteroge-
neous distributions of 31P chemical shift tensor parameters that report on phos-
pholipid headgroup disorder; and (b) distributions of internuclear distances
measured by rotational-echo double-resonance (REDOR), for example, of het-
eronuclear pairs within membrane-associated peptides. A method that uses an
adaptation of Boltzmann statistics maximum entropy for a model-free approach
to analysis of this type of troublesome data provides the means to characterize
the distributions of such heterogeneous systems.
In the case of REDOR data, the method can reveal multiple distances with rel-
atively few data points, which is of particular benefit in application to biolog-
ical systems where signal lifetimes are limited by relaxation. This has been
recently extended to include spin systems for which the observe nucleus is di-
polar coupled to two or three dephasing nuclei. The method reverses the prac-
tice where preconceived internuclear distance models are slowly optimised to
better ‘‘fit’’ experimental REDOR data, and instead provides the information
necessary to construct models based on unbiased data analysis. Examples in-
clude application to membrane-associated Alzheimer’s b peptide. In the case
of chemical shift tensor analysis, we have applied the method to arbitrarily
complex phospholipid mixtures for analysis of subtle perturbations, for exam-
ple, by association of antimicrobial peptides with model membrane systems.
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Sampling Issues in Atomistic Simulations of Peptides at Cyclohexane/
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A large number of proteins and peptides interact with membranes to perform
various biological activities such as signal transduction, transportation and an-
timicrobial activity. Characterizing the interactions of individual amino acids
with lipid bilayers is an important step towards understanding lipid-protein in-
teractions. The Wimley-White hydrophobicity scale pentapeptides WLXLL,
where X can be any of the 20 amino-acid, adsorb at the POPC/water interface.
Due to their small size and availability of experimental data, these peptides are
suitable for studying lipid-peptide interactions using computational methods.
We report atomistic simulations of Wimley-White peptides in bulk water and
at cyclohexane/water and POPC/water interfaces. Various properties, such as
end-to-end distance autocorrelations, the distribution of conformational states
(based on dihedral angles) and the probability distributions of the center of
mass of the side chains are measured. Using equilibrium molecular dynamic
(MD) simulations, we were able to obtain good estimates of these properties
only in bulk water. Even ~600 ns molecular dynamic simulations at the
POPC/water interface did not yield converged results. We also compare the
sampling obtained using MD simulations with that of enhanced sampling
methods such as Replica exchange MD simulations.
These simulations highlight the sampling issues associated with simulation
studies of unstructured peptides, which are relevant to a wide range of lipid-
protein simulations including studies of antimicrobial peptides and peptide ag-
gregation near membranes.
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TisB from E. coli
Sebastian Prock, Thomas Steinbrecher, Jochen Buerck, Parvesh Wadhwani,
Benjamin Zimpfer, Marcus Elstner, Anne S. Ulrich.
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Nowadays one of the big issues in modern medicine is the fight against chronic
bacterial biofilms. The reason for the recalcitrance of these biofilms are so-
called persister cells. Persisters are dormant variants of regular cells that
form stochastically in microbial populations and are highly tolerant against
modern antibiotics. It is known that one protein plays a major role in persister
cell formation: TisB. This 29 amino acid long peptide gets overexpressed in
E. coli upon environmental stress, integrates into the bacterial inner membrane
and decreases the proton motive force and ATP levels. The mechanism is still
unclear, how this leads cells into dormancy and results in the formation of per-
sister cells.
We analyzed the structure of membrane-bound TisB by CD and oriented CD
spectroscopy in aqueous solution and vesicle suspension. TisB shows a helical
content of more than 90% in aqueous and more than 55% helical content in ves-
icle suspension, respectively. The membrane orientation of TisB measured by
oriented CD revealed an almost upright alignment of the amphiphilic helix in
different lipid bilayers. Quantitatively, solid-state NMR spectroscopy showed
a tilt angle of 30 in respect to the membrane normal, thus strongly supporting
Tuesday, February 28, 2012 493athe oriented CD results. TisB oligomerization in lipid bilayers was investigated
using MD simulations. The results for dimerization of TisB in DMPC bilayers
is supported by MD.
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Mobile Membrane Mimetic
Joshua V. Vermaas, Emad Tajkhorshid.
University of Illinois at Urbana-Champaign, Urbana, IL, USA.
a-Synuclein is a widely studied unstructured protein that plays an important
role in pathophysiology of Parkinson’s and Alzheimer’s diseases through its
aggregation, a process closely connected to its binding to and restructuring
of the cellular membrane. Thus the dynamics of the membrane-bound form
of the protein is highly relevant to unravel the molecular mechanism of its in-
volvement in these diseases. In order to characterize the dynamic range of con-
formations accessible to membrane-bound a-Synuclein, molecular dynamics
offers a potentially powerful method, owing to its detailed atomistic and dy-
namic description of the semi-liquid environment of biological membranes.
Nonetheless, the applicability of the method is hampered by the slow diffusion
of lipid molecules when described atomisticly relative to simulation accessible
timescales. We have developed and employed a novel membrane representa-
tion (termed HMMM, highly mobile membrane mimetic) with enhanced lipid
dynamics and without compromising atomic details, which was used to per-
form 10 independent simulations of binding of a-Synuclein to bilayers
composed of a mixture of PS and PC lipids. In all simulated systems,
a-Synuclein spontaneously binds to the membrane without the application of
an external force. Rather than converging to a single structure, these simula-
tions capture an ensemble of diverse, highly dynamic structures of a-Synuclein
in the presence of the membrane. While the observed conformational diversity
can be attributed primarily to two highly flexible regions, namely near the turn
and the region bracketed by critical Gly residues. Not only do the resulting en-
semble of membrane-bound structures reflect the horseshoe-shape of the orig-
inal structure, but also show similarities to a proposed linear configuration of
the protein. The observed structural diversity suggests that in its membrane-
bound form, a-Synuclein exists in an equilibrium between the horseshoe and
linear conformations that have been also postulated experimentally.
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Synthetic compounds mimicking the structure of natural antimicrobial peptides
(AMPs) have a great promise as potential anti-infectious agents due to their sta-
bility towards enzymatic degradation, high antibiotic efficiency, and broad ad-
justability of physicochemical properties. Recently we have demonstrated that
antimicrobial activity of AMP synthetic analogs depends on their conforma-
tional rigidity. Cyclization is one of the strategies to restrain the flexibility of
antimicrobial agents. Herein we present results of a study aimed to establish
how the cyclization affects the ability of cyclic N- substituted glycine oligo-
mers (peptoids) to disrupt selectively bacterial, but not mammalian cell, mem-
brane mimics. Lipid monolayers at the air/liquid interface composed of LPS or
DPPG were used to model the outer leaflets of Gram-negative and Gram-
positive bacterial membranes, respectively, while the DPPC/Cholesterol 6/4
mixed film was used to mimic the mammalian plasma membrane. Interactions
of cyclic and linear peptoids with model lipid membranes were investigated us-
ing constant-pressure insertion assays, epifluorescence microscopy (EFM), and
synchrotron X-ray reflectivity (XR) and grazing incidence X-ray diffraction
(GIXD). Insertion assays show that both cyclic and non-cyclic peptoids readily
incorporate into the bacterial, but not mammalian, membrane mimics. More-
over their insertion into the bacterial membrane mimics was accompanied by
rapid deterioration of the structural order in the lipid acyl chains. Electron den-
sity profiles across the film, derived from XR data, demonstrate that both pep-
toids penetrate into the hydrophobic core of DPPG more efficiently than that of
LPS, which might be due to a difference in packing of the hydrophobic core.
Nevertheless, our data indicate that, despite these similarities, the mechanisms
of action of cyclic and linear peptoids on bacterial membranes are different.
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NSAIDS Interact with DPPC Monolayers
Jaime Larsen, David D. Busath.
Brigham Young University, Provo, UT, USA.A broad set of non-steroidal anti-inflammatory drugs is known to influence
gramicidin channel lifetimes in planar lipid bilayers1. Therefore, we examined
the influence of modestly supratherapeutic dosages (1 mM concentrations) of
salicylic acid, acetylsalicylic acid, acetaminophen, ibuprofen, and diclofenac
in the aqueous subphase on dipalmitoyl-PC pressure-area curves. We observed
the following consistent, general patterns: a) transition from gas to liquid-
expanded phase was initiated 20-40 A˚2/molecule higher than normal (i.e.
110-130 vs. 90); b) the incompressibility (dp/dA) was similar or slightly higher
than normal throughout the liquid-expanded phase compression; c) the shoul-
der in the p-A curve between 75 and 40 A˚2/molecule, which represents the
slow conversion of liquid-expanded phase into liquid- condensed phase, is re-
placed by a continual rise in pressure; d) the final steep rise in pressure, which
normally occurs at ~40 A˚2/molecule once conversion to the liquid-condensed
phase is complete, is, in most cases, slightly postponed to a lower area/mole-
cule, in which case it is then steeper. Controls without lipid showed no rise
in p over the relevant surface area compression. We interpret these findings
to imply that these NSAIDS all interact strongly with lipid head-groups to en-
hance condensation of the gas phase and homogenize the two liquid phases in
the coexistence region. Supported by a Mentoring Grant from Brigham Young
University.
1 S. J. Al’Aref, R. E. Koeppe, O. S. Andersen. Biophysical Journal 98(3): 480a,
2010.
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Bubbles and droplets provide several advantages for studies on interfacial
films, particularly at the very low surface tensions achieved by pulmonary sur-
factant in the lungs. The captive bubbles commonly used to study pulmonary
surfactant, however, also suffer from a major disadvantage. The bubbles float
against a concave surface molded into an agarose gel, which obscures the loca-
tion of the upper air/water interface. Methods that calculate surface tension in
real time use the height of the bubble, which requires the position of the upper
surface. Experiments that use feedback to maintain constant surface tension,
and fixed thermodynamic conditions, require measurements in real time.
The studies reported here considered how a series of optical issues affect mea-
surements of a bubble’s height and surface tension. As long as the imaged in-
tensities remained within the dynamic range of the camera, total light intensity
had no effect. Longer wavelengths were scattered less by the gel and surfactant
suspensions, which increased their transparency. Misalignment of the camera
and agarose gel relative to the gravitational frame of reference produced subtle
changes but important errors. More collimated light generated narrower edges
and more accurate dimensions, but darkened the concave surface of the gel,
which further obscured the location of the air/water interface. With optimized
optics, a single threshold intensity can accurately locate all sections of the in-
terface. This interfacial grayscale allowed accurate measurements in real time
that extended over the full range of surface tensions during compression of
a solid film, and over a broad range of volumes during isobaric compression
of a collapsing film.
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The Bacillus subtilis membrane harbors the temperature sensing and signaling
protein DesK. At low temperatures it triggers expression of a desaturase, which
introduces double bonds into pre-existing phospholipids, thereby regulating
membrane fluidity. Recently it was discovered [1] that both sensing and trans-
mission of DesK, which has five transmembrane segments, can be captured into
one single chimerical transmembrane segment, the so-called ‘minimal sensor’.
This simple system offers excellent perspectives to study the molecular detail
of a biologically very important mechanism. As a first step we analyzed mem-
branes of Bacillus subtilis grown at different temperatures with several bio-
physical techniques including 31P-NMR and Differential Scanning
Calorimetry. We analyzed the membrane lipid headgroup and acyl chain com-
position and we identified transition temperature fluctuations related to the
growth temperature. We found significant differences in membrane lipid com-
position and phase behavior for Bacillus subtilis membranes depending on
growth temperatures. Furthermore the transmembrane segment of the minimal
sensor was synthesized and incorporated in the Bacillus membranes. These
